Data of traffic flow, speed and density are required for planning, designing, and modelling of traffic stream for all parts of the road system. Specialized equipments such as stationary counts are used to record volume and speed; but they are expensive, difficult to set up, and require periodic maintenance. The moving observer method was proposed in 1954 by Wardrop and Charlesworth to estimate these variables inexpensively. Basically, the observer counts the number of vehicles overtaken, the number of vehicles passed, and the number of vehicles encountered while traveling in the opposite direction. The trip time is reported for both travel directions. Additionally, the length of road segment is measured. These variables are then used in estimating speeds and volumes. In a westbound direction from Interstate Highway 30 (I-30) in the DFW area, this study examined the accuracy and feasibility of this method by comparing it with stationary observer method as the standard method for such counts. The statistical tests were used to test the accuracy. Results show that this method provides accurate volume and speed estimates when compared to the stationary method for the road segment with three lanes per direction, especially when several runs are taken.
Introduction
It is not unusual to learn that two or more different methods of studying the same traffic phenomena yield considerably different results even when measured on the same road segment and during the same time period. Thus, different methods for computing the same entity sometimes fail to confirm each other. Therefore, the observer needs to understand and study the relationship and discover any systematic correlations between the results of the two methods. Nevertheless, it is important to acquire reliable results.
The goal of this study is to determine traffic flow and speed on a three-lane interstate highway utilizing the moving observer method. The study then, compares the results from the moving observer method with the base results acquired from a stationary observer method.
Considering the significance of flow, speed, and density in traffic engineering, it is necessary to be as accurate as possible when estimating the variables. This study determines accuracy of the moving observer method by comparing the results to the estimates from the stationary observer method. Each of these two methods has a different approach and procedure for calculating traffic flow and speed. The study first used the stationary observer method because of its proven reliability. Then, after conducting the study using the moving observer method, we statistically compared the results of both methods. Analysis of these results shows strong agreement between the two approaches.
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Traffic Models Background
In general, highway traffic models can be classified as either macroscopic or microscopic. Microscopic traffic simulation focuses on individual driving behavior, such as, speeds, headways, gaps and travel times. In contrast, macroscopic traffic simulation conducts studies of average traffic characteristics, including, traffic flow, density, and space mean speed.
Data of traffic flow, speed and density are required for planning, designing, and modelling of traffic stream for all parts of the road system. However, it is difficult to measure all these variables in a single attempt. The moving observer method for traffic stream estimation has been created to facilitate the concurrent estimation of traffic stream variables [1] . This method offers an approach to obtain the complete state of the traffic stream using only two observers in a moving vehicle. Measuring any two variables of the traffic stream will yield the third variable by using the following equation:
q: flow rate (veh/h). k: density (veh/m). u: space mean speed (mph). Consequently, the moving observer method is a convenient method to obtain traffic stream variables for this formula, since a speed and flow are measured and the density can be estimated. The stationary observer method for determining flow, speed, and density is quite different from the moving observer method. It focuses primarily on the specific point on the road section. However, the moving observer method relies on data collected by travelling along same road section. In such methods, the flow, speed, and density must be estimated by several complete travel cycles in order to increase the degree of accuracy.
Study Area
The I-30, one of the most congested urban highways in the Dallas Fort Worth (DFW) area in Texas, was selected for this study to determine traffic flow and speed using the moving observer method. Average Daily Traffic (ADT) volumes obtained from the North Central Texas Council of Government (NCTCOG) website for the westbound direction on a section from the Fielder Rd and I-30 interchange point (exit 26) to the Bridgewood Drive and I-30 interchange point (exit 21 A) reach 70,000 vehicles/day. There are three lanes in this segment and the segment length is 5.0 miles. The westbound direction was chosen to conduct the corresponding stationary observations as there were some convenient locations for video recording.
Methodology
Moving Observer Method
The moving observer method is used to collect data related to travel time, speed, average flow rate and traffic density. [1] proposed the original "moving observer method" as a method of estimating the average flow and travel time of traffic moving in one or the other direction on a freeway segment. The method was founded upon the measurements made by the moving observer in a test vehicle embedded in the traffic. The observer traveled in a test car in the direction of the stream considered with the flow while counting the number of vehicles overtaken and the number of vehicles passed. Travel is also made against the flow in the other direction, to record the number of opposing vehicles faced in the opposite direction (direction of interest) during the trip see Figure  1 . In both travel directions, the trip time of the test car is recorded. Additionally, the length of the road segment is known. These measurements are then used in calculating the speed-flow relationship for the road segment in the direction of interest. Several runs are conducted to increase the accuracy.
The following information for each run is recorded by the observer in the test vehicle:
1) The number of vehicles overtaking the test vehicle.
2) The number of vehicles passing the test vehicle.
3) The number of vehicles encountered; while traveling opposite to the direction of interest.
4) The segment length and the trip time of the observer in both directions, with and against the flow traffic. [1] stated that the advantages of using the moving observer method include the following points:
1) The observer can collect the information on flow and speed simultaneously (this is valuable when seeking the relationship between these two variables).
2) The observer can measure travel time along the length of the road segment and also the flow rate and the average speed of vehicles.
3) The amount of man power and hours needed to attain a high level of accuracy is less for the moving observer method compared to other methods, thus making it less expensive. 4) Vehicles can be grouped and flow rates can be estimated for each group.
5) The observer can chronicle supplementary information such as the locations and causes of delays if applicable.
However, [2] identified some issues with the moving observer method including:  The observer requires a number of test runs when traffic flows are low (200 -300 veh/hour for two lanes, one direction) to accomplish a specified level of accuracy, and this might be infeasible.  The traffic volume that moves into the test road section changes according to the total number of intersections.  The accuracy for measuring speed and flow is very sensitive to the variations in the traffic stream along the road section at different times of the day.
Observations
A section of a three-lane freeway was chosen for this project. The site for the study was selected based on the following criteria: 1) Section representing the road was delineated starting from an on-ramp interchange which increases traffic flow and ending with the off-ramp interchange at the end of the segment that permits a quick turnaround for the test vehicle.
2) Section without obstacles or lanes with changed geometric features such as high-occupancy vehicle (HOV) lane was selected to provide a clear vision for the observer.
3) Section without vertical and horizontal curves to provide a clear vision for the observer in the opposite direction.
4) Section with high traffic flow to increase confidence in the results. Data was collected on the westbound direction of an I-30 segment in an urban three-lane highway. The segment begins from the Fielder Rd and I-30 interchange point (exit 26) and ends at the Bridgewood Drive and I-30 interchange point (exit 21 A), in the Dallas-Fort Worth (DFW) area of Texas as shown in Figure 2 . Data required for estimating space mean speed, flow rate, and density for moving observer method were collected on the selected road segment.
Procedure
The moving observer method is an approach that includes the use of a probe vehicle within a traffic stream for measuring travel time, flow rate, space mean speed, and delay in a roadway section. According to The Manual of Transportation Engineering studies [3] , which describes the procedure, the observer in the survey vehicle drives at the average travel speed within the traffic stream of the designated section under evaluation. However, the observer cannot travel along the section for several miles without changing speed. In order to solve this problem, the number of vehicles passed is deducted from the number of vehicles overtaken by the observer.
Off-peak daytime periods between 11:00 am and 1:00 pm were used for the data collection on Saturday, January 24, 2015. This period was chosen because the traffic flow in that period is generally uniform [4] . The weather conditions were clear and dry with an average temperature of 60˚F. This weather condition was ideal in order to avoid the influence of weather factors affecting the data collection for traffic flow and speed, as mentioned in a previous study [5] .
During the study, a segment of 5.0 miles in length was used for data collection. The researcher performed six (6) test runs on this directional segment. [4] has found that six runs are adequate for reliable and unbiased estimates for measuring variables. In the test car, the observer held a video recording camera in order to minimize the element of human error. Therefore, real time traffic events over the entire period of the test runs were captured on video. Next, the recorded traffic events were saved on computer for processing. The observer then played back the recorded traffic events in a computer to analyze events in order to obtain the required data. During the replay, the observer recorded the time it took to traverse the study segment and the number of vehicles encountered while traveling in the opposite direction. To calculate the hourly flow rate and the average speed for the westbound direction, the following equations were used:
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where, q = mean directional flow rate (veh/h). x = the number of oncoming vehicles encountered while travelling in the opposite direction. y p = the test car passed vehicles. y o = vehicles overtaking the test car (veh). t w = the travel time to traverse the study segment with traffic (hour). t a = the travel time to traverse the study segment against traffic (hour). u = average speed for all runs (mph). n = number of runs. t = the mean travel times of traffic (hour). L = length of the study segment (mile). Table 1 displays the data obtained in this study. The table shows that the flow values are 3438, 3946, 3708, 3857, 3761 and 3539 vph for the six runs, respectively. The mean flow value was calculated to be 3708 vph. Additionally, the mean speed was calculated using Equation (4) to be 63.2 mph. Equation (1) was then used to calculate the density, which was found to be 59.1 vpm.
The difference between the time with traffic (t w ) and the time against traffic (t a ) was about 30 sec for most of the runs. The time differences occurred because while travelling in the opposite direction the observer was on the left lane. Driving in the left lane helped improve the accuracy in counting the traffic in the opposite direction. 
Stationary Observer Method
The stationary observer method for determining flow, speed, and density is quite different from the moving observer method because the stationary observer method focuses on a specific point along the road section. Stationary observer method is a method that involves the use of two observers for measuring flow rate and speed at the selected location. In this method, the first observer in the specific location measures the traffic flow. Another observer records a video to measure the speed. The stationary speed observation is used to find the speed on a road section using a small sample of vehicles, on a short study road length, using a stop watch. This is a fast and inexpensive method for collecting data on vehicle speeds.
The observer's location must be higher than the road section to have a dominant view of the roadway as shown in Figure 3 . In this case, the observer stood on a hill beside a bridge, looking down on the road segment under study. A reference point was utilized to help in collecting the amount of time it takes a vehicle to travel across the road section by the observer. In this project the reference point to start timing was a vertical stake and the reference point to end timing was a signpost, as shown schematically in Figure 4 . The site used for data collection is the intersection between I-30 and Cooks Ln in the Dallas Fort Worth (DFW) area, Texas. This location is in the middle of the five-mile stretch. Data on the required inputs for estimating traffic flow, speed, and density using stationary observer method were collected on the selected location.
Procedure
The stationary method involves the participation of two observers for measuring traffic flow and speed over a selected location. The first observer in the specific location counts the traffic flow. Another observer records the video to measure the speed.
Off-peak periods were used for the data collection on the specific location between 11:45 am and 12:15 pm on Saturday, January 31, 2015. Similarly, all the data were collected during daytime period and good weather conditions (clear and dry 50˚F).
In the chosen location, the observer held a camera recording a video. Real time traffic events over the entire period of the test runs were captured by the video and were stored onto a memory card which used later for processing. The observer played back the recorded traffic events in a computer to extract the required data. During the replay, the observer recorded the total numbers of cars passed during the period for obtaining the flow and measuring the time it requires a vehicle to travel between two points on the road section to estimate the speed. The total numbers of vehicles passed during the half-hour period were found to be 1875, corresponding to an hourly volume of 3750 vph.
A statistical analysis was conducted to verify the adequacy of the sample size used. The equation for determining a minimum sample size was used to achieve a required degree of statistical accuracy according to Equation (5) [3] . Applying Equation (5) for the westbound direction along the road section yields a minimum sample size of 86 observations to achieve a 95% confidence interval. Standard deviation is ±5 mph, and ±1 mph is the permitted error in average speed. These values provide sufficient, reasonable and consistent estimates of speed. Thus, 86 random observations were made for speed measurements. 
where, N = the minimum required number for measuring speeds. 1.96 = the z-value for standard normal curve with 95% confidence interval. σ = estimated sample standard deviation, mph. E = permitted error in the average speed, mph. A rolling wheel odometer was used to measure the length of the road section, which was found to be 127.7 feet long. The travel time for each vehicle corresponding to the above segment length was measured. Then the speed was estimated as the ratio of the segment length to the travel time. Table 2 presents the speed estimates given by following Equation (6) [3] for each of the 86 vehicles travelled in the study segment of westbound I-30 from: 11:45 am to 12:45 pm on January 31, 2015.
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where, V = travel speed, mph. D = length of the study section, feet. T = elapsed time, seconds. Equation (6) is used to determine the directional spot speed for the westbound segment. Figure 5 illustrates the relative frequency percentage for each speed interval, and the speed calculated for each of the 86 vehicles. The space mean speed was found to be 62.1 mph.
Statistical Analysis
The statistical analysis confirms the accuracy of the moving observer method by comparing it with the results for the stationary observer method. A statistical analysis using student t-statistics was carried out. A one-sided test is performed in this analysis considering that the traffic flow and speed using the moving observer method is suspected to be equal to the flow and speed using the stationary observer method. We are 90% confident that the mean traffic flow lies between 3584 (vph) and 3916 (vph). Since, using the moving observer method the mean traffic flow is calculated to be 3708 vph, there is no statistical difference between the two means. We are 90% confident that the space mean speed lies between 61 (mph) and 63.2 (mph). Since, using the moving observer method the average speed is calculated to be 63.2 mph, there is no statistical difference between the two means.
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Conclusions
The traffic flow, speed and density are required input variables for the planning, designing, and modelling of the traffic stream for all parts of the road system. In estimating these variables for such applications, it is suggested that the stationary measurements are the most preferred approach for more accurate results. However, the Moving Observer Method yielded reasonably accurate estimates with just two observers and test vehicle.
The main objective of this project has been to compare of the traffic flow and speed using the moving observer method to the traffic flow and speed measurements using the stationary observer method. The results from the two approaches are statistically compared. Findings from the study revealed that traffic flow values based on the stationary method were found to be (slightly) higher by about 42 vph than those based on the moving observer method. In contrast the speed values based on the moving observer method were found to be slightly lower by about 1.1 mph than those based on the stationary method. These differences were found to not be statistically significant at 90% level of confidence. This confirms the validity of the moving observer method as an effective and accurate method to estimate the traffic flow and speed.
The most attractive feature of using the moving observer method is an inexpensive means to obtain the traffic flow and speed simultaneously. It is therefore an economical method since the total amount of man power and hours needed to attain a high level of accuracy is smaller for the moving observer method compared to the stationary method.
The two methods have been collected on the same day Saturday, January 31, 2015 from (11:00 am-1:00 pm). The weather was clear and dry (50˚F -60˚F) on the observation day. Therefore, the influence of weather on traffic variables was negligible.
Even a higher level of accuracy can be reached by considering the following:  Enlarging the sample size or increasing the number of runs.  Segmenting the measurements by the type of vehicle, since traffic flow and speed could have different values for different vehicle types.  Studying different scenarios with different number of lanes and at different times of day (peak, mid-peak, off-peak).
